SUMMARY From 2,874 school children participating in the 1971 and 1973 Muscatine Coronary Risk Factor Survey, we selected three groups of index cases for detailed family study: the HIGH group (n = 56), with cholesterol levels greater than the 95th percentile twice; the MIDDLE group (n = 46), cholesterol levels between the 5th and 95th percentile; and the LOW group (n = 46), cholesterol levels less than the 5th percentile twice. Coronary mortality determined from death certificates was increased in the young relatives (ages 30-59) of the HIGH group index cases, as follows: twofold excess in HIGH male relatives compared with the MIDDLE or LOW group (p < 0.05); tenfold excess in the HIGH female relatives compared with the MIDDLE and LOW group combined (p < 0.01). After correction for years at risk, there was an approximately twofold significantly-increased coronary mortality. Stroke mortality was higher, although not significantly, in the older relatives (ages >60) of the HIGH index cases. Cancer mortality was not significantly different among the relatives of the three groups of index cases. This study indicates that school children's cholesterol levels cluster with those of their family members and that persistent hypercholesterolemia in children identifies families at risk for coronary artery disease.
THE INCREASED FREQUENCY of ischemic heart disease in relatives of heart attack victims compared with relatives of control subjects'-3 and a concordance of ischemic heart disease higher among monozygous twins than dizygous twins4 suggest that hereditary factors play a role in the development of occlusive coronary disease. Studies of families reveal a greater frequency of hypercholesterolemia, an established risk factor in coronary artery disease,512 among first-degree relatives of heart attack cases under age 60 years. 13 Monogenic hyperlipidemia has been identified in approximately 20% of these families.'4 Indeed, 16 -21% of the progeny of myocardial infarction patients under age 50 have an elevated cholesterol level."-"' The familial aggregation of ischemic heart disease'8 may result in part from the increased familial frequency of hypercholesterolemia.
Recent studies have focused on the repeated measurement of coronary risk factors in childhood populations. '9-22 The successive measurement of blood cholesterol levels provides population estimates of cholesterol values by age and sex, the temporal variability of lipid determinations, the consistency of the percentile rank between surveys, and the effect of maturation on cholesterol levels. However, to study the relationship between childhood hypercholesterolemia and the development of coronary artery disease in the same children would require an inordinately long time. We pursued a question of more immediate interest: Are elevated cholesterol levels in children associated with an increase of coronary disease deaths in their families? We made detailed studies of families of children with either elevated, normal, or low cholesterol levels measured in school surveys carried out in 1971 and 1973, and found a significant increase in the frequency of myocardial infarction deaths among the relatives of children with elevated cholesterol levels.
Materials and Methods

School Survey
Details of the school survey have been presented elsewhere. 22 Briefly, a cross section of children in Muscatine, Iowa The vital status of all first-and second-degree relatives was determined by contact through letter or phone, or by communication with a close relative. A history of medical illnesses and causes of death was obtained for each deceased relative from the closest living relative. Death certificates were obtained on all deceased relatives who were 30 years or older at death. Myocardial infarction at death was recorded when the following conditions were listed: coronary occlusion, coronary thrombosis, myocardial infarction, sudden occlusion, coronary embolism or coronary atherosclerosis. Less specific terms, such as generalized arteriosclerosis, arteriosclerotic cardiovascular disease, arteriosclerosis, myocarditis, atherosclerotic heart disease, and acute myocardial failure, were not considered to specify the presence of myocardial infarction at death.
On death certificates, the "most probable diagnosis" is reliable for cancer (85.5%), stroke (85%), and coronary occlusion (78.6%).24 The diagnostic accuracy for arteriosclerotic heart disease increases as the age at death decreases. The reliability of diagnosis also improves when the more specific disease category of myocardial infarction is considered, compared with the more general category of arteriosclerotic heart disease. 25 The reliability of death certificates to determine conditions at death has also been documented by others. 26 73) . In nine cases from the HIGH group we could not obtain death certificates. From the nearest relatives we learned that three died of a myocardial infarction, and one each of stroke, diabetes, childbirth, old age, lung problem, and an accident. Among the two dead relatives without available death certificates in the MIDDLE group, the nearest relatives reported one death by suicide and one death from emphysema. Of six persons from the LOW group without death certificates, relatives claimed that two died of a myocardial infarction, three died of cancer, and one of a stroke.
Biological Measurements
The analysis for cholesterol and triglyceride content of the plasma samples was performed by the Core Lipid Laboratory,3' which participates in the standardization and surveillance programs of the Center for Disease Control (CDC) in Atlanta, Georgia. The second year of surveillance ended June 1975, and the average coefficients of variation for cholesterol and triglyceride were 1.67% and 2.9% respectively.
Data Analysis
While the ages of the living relatives were similar, consideration of both living and dead relatives indicated that those in the HIGH group were born somewhat earlier than those in the other two groups. Thus the HIGH group was at risk longer than either the MIDDLE or LOW groups. In order to correct for these possibly confounding factors, age and time standardizations were performed, using methods reported by Woolson et al.32 Deaths in each of the six study cohorts were compared with the expected mortality for the Iowa population during the same period. Mortality data for the Iowa population were taken from t% (Number died in age interval/total living at beginning of age interval). t% (Number with condition at death in age interval).
Death from myocardial infarction was twice as frequent among HIGH group male relatives 30-50 years old (table 8) as among their counterparts in the MIDDLE and LOW groups (p < 0.05). Among female relatives the frequency of myocardial infarction at death was 10 times greater in the HIGH group than in the MIDDLE and LOW groups (p < 0.01). Women in the HIGH group had the same frequency of myocardial infarction at death as the men in the MIDDLE and LOW groups. Among those 60 years and older, the frequency of myocardial infarction at death in both male and female relatives was slightly greater in the HIGH group than in the MIDDLE and LOW groups.
Age at Death from Coronary Occlusion
The mean age at death of first-and second-degree relatives with myocardial infarctions suggests earlier mortality for relatives of the HIGH group than for relatives of the MIDDLE or LOW groups: for male relatives, the mean age (±SD) was 62 ± 11 (n = 35) in the HIGH group, 65 ± 8 (n = 15) in the MIDDLE group, and 69 + 15 (n = 17) in the LOW group; for female relatives the mean age was 61 ± 13 (n = 17) in the HIGH group, 68 ± 5 (n = 4) in the MIDDLE group, and 70 ± 9 (n = 7) in the LOW group. Small (1936-1945, 1946-1955, and 1956-1965) (table 7) . Discussion The risk of developing coronary heart disease is greater for the relatives of children with cholesterol 324 CIRCULATION levels elevated on two occasions. Coronary mortality was significantly increased, while the trend toward increased stroke mortality was noted in the older relatives of the HIGH group as compared with the MIDDLE or LOW group relatives. More families in the HIGH group had at least one deceased relative who had a coronary occlusion than families in the MIDDLE or LOW groups. Cholesterol levels among relatives of the HIGH group were higher than for relatives of the MIDDLE and LOW groups. Neither triglyceride levels nor the frequency of other coronary risks such as hypertension, diabetes, and smoking were statistically different among the three groups of living relatives. Thus, the higher cholesterol levels of the adult relatives of the HIGH group may account, in large part, for the significantly increased coronary mortality. One might ask whether the selection of children with cholesterol levels above the 95th percentile on two occasions might have identified families with autosomal dominant type Ila hyperlipoproteinemia, thus explaining the excess of coronary mortality. This was not the case. Two of the 56 index cases had cholesterol levels greater than 300 mg/dl and the median cholesterol level of the subjects was at approximately the 98th percentile, with a slight excess toward the higher values. Furthermore, only 13% of the families (seven of 53) had one or more first-degree relatives with an age-adjusted cholesterol level above the 99th percentile. These families contributed approximately 10% (five of 52) of the myocardial infarction deaths. Thus, it appears likely the majority of the index cases had hypercholesterolemia of multifactorial causation.
Our findings are consistent with previously reported observations: coronary artery disease has familial aggregation;' adults with elevated cholesterol levels are predisposed to early coronary occlusion; [6] [7] [8] [9] [10] [11] [12] Single elevations of serum cholesterol in adult subjects have been documented to be a coronary risk factor by prospective studies.6'-2 However, no such prospective studies have been carried out beginning with childhood populations. A study of Muscatine school children39 whose cholesterol levels were monitored over a 6-year period showed a significant degree of percentile tracking (r = 0.6) of cholesterol values, even though half of the children with a cholesterol level above the 95th percentile fell below this level on repeated measurement.40 Does a single elevated cholesterol level in a child predict coronary disease, as it appears to do in adults? Our data indicate an increased propensity in the families of children with persistently elevated cholesterol levels to develop coronary artery disease. Our observations support the hypothesis that hypercholesterolemia in childhood probably predisposes to coronary disease. This is particularly important when considering the observation that atherosclerotic lesions such as fibrous plaques over lipid depositions are in evidence during early adolescence. 4' This community-wide screening program related the cholesterol measurements of school children to cholesterol measurements in their relatives, and then related the elevated cholesterol levels in the school children to excess coronary mortality in their families. The significantly increased frequency of cardiovascular disease mortality in the HIGH group relatives compared to the expected frequency in the population, with cancer mortality near the expected frequency, suggests that childhood cholesterol elevation predicts atherosclerotic coronary mortality in families. In addition, since coronary artery disease aggregates in families, it is likely that persistently elevated cholesterol levels also predict coronary disease in the child. The strength of this prediction must be clarified.
